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Abstract 
Soccer balls differing in surface material and number of panels were analysed, and a kick-robot equipped with a dynamometer 
was used to measure the impulsive force at the time of impact. Cafusa had the smallest maximum impulsive force, whereas 
Jabulani had a larger impulse than all other balls at each tested speed. These results presumably relate to the flexibility of the 
surface material and structural characteristics of each ball. One reason why Jabulani has the highest impulse may be that the 
machine-stitched composition of its inner layer is stiffer than the strips of cloth stuck together in Cafusa. 
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1. Introduction 
In recent years, soccer balls greatly varying in surface material and panel number have been developed, and 
their growth has been noticeable. Many studies on fluid dynamics that relate to the aerodynamic characteristics of a 
soccer ball have been conducted. However, few have addressed how differences in the surface material and 
number of panels affect the impact characteristics of a ball. The ball power at the time of impact, which determines 
the projection state of the ball, affects its flight and movement through air. Therefore, an analysis of the impulsive 
force when the ball is struck is indispensable for describing the shape characteristics of a soccer ball. To this end, 
in the present study, a kick-robot equipped with a dynamometer (a force plate) was used with four types of soccer 
balls—each with a different number of panels and surface material—to directly measure the impulsive force at the 
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time of impact. From the measured force, the impulse applied to each ball was calculated and the ball impact 
characteristics were compared.  
2. Method 
2.1. Kick-robot 
We used a robot that impacts a ball, known as the ‘kick-robot’. This robot, which reproduces a specific impact 
position, is a device that allows tests to be performed repeatedly at the same velocity. In addition, because the 
starting projection conditions for a ball are the same as those for an actual kick, the kick-robot was used here to 
study the effect of the impact on the ball shape. 
2.2. Dynamometer (force plate) 
A force plate (Tec Gihan Co., Ltd.) measurement device, which was attached to the portion of the kick-robot 
(MD3-FP-U-SP2) that contacted the ball when the leg end swung, measured the impulsive force applied to the ball 
(Figs. 1 and 2). In addition, the force plate was attached to the kick-robot so that it came in contact with the ball 
perpendicularly at the time of ball impact (Fig. 1). 
The natural frequency of the force plate itself is approximately 280 Hz, and it is considered that the influence of 
the natural frequency on the impulse force peak value is enough small to disregard. On the other hand, the natural 
frequency when it was attached to the kick robot is approximately 102 Hz. Therefore, in order to minimise the 
effect of natural frequency on the impulse force peak value, the average peak value of the 12 trials was adopted. 
 
(a)                                                       (b) 
Fig. 1. Force plate. (a) Front view; (b) side view.                                             Fig. 2. Plan of the force plate. 
2.3. Soccer balls 
The four types of soccer balls used in this study were Cafusa, Jabulani, TeamGeist2, and Pelias.  
Cafusa (Adidas, the official match ball for the 2013 FIFA Confederations Cup) is made up of 32 panels. It 
contains six spherical shapes—each made up of four panels—and eight panels on the outside. The surface joins the 
panels by using thermal bonding; hence, the ball has a smooth and seamless outer layer structure (Fig. 3a).  
Jabulani (Adidas, the official match ball of the 2010 FIFA World Cup) is configured from eight triangular and 
tripod-shaped panels. In addition to thermal bonding, micro-texture processing is used on the surface to produce 
minute projections (Fig. 3b).  
TeamGeist2 (Adidas, the official match ball of the 2007 FIFA Club World Cup) is made up of 14 panels. Six 
propeller panels and eight rotor panels are arranged. Thermal bonding and PSC-Texture material are used (Fig. 3c).  
Pelias (Adidas, the official match ball of the 2004 Olympics) is made up of 32 panels. With 12 pentagonal 
panels and 20 hexagonal panels, the ball is a truncated icosahedron. This was the first ball in which thermal 
bonding was adopted (Fig. 3d). 
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(a)                               (b)                                  (c)                                 (d) 
              Fig. 3. Soccer balls used in this experiment: (a) Cafusa; (b) Jabulani; (c) TeamGeist2; (d) Pelias. 
2.4. Measurement method for collision phenomenon 
The force plate was attached to the kick-robot and the experiment was carried out. Figs. 4 and 5 show a 
photograph and schematic, respectively, of the experimental system. 
Fig. 4. Kick-robot.                                                                        Fig. 5. Experimental setup. 
 
Four speeds were set for the kick-robot: 15, 20, 25, and 30 m/s. In an actual soccer game, the speed of a pass is 
approximately 15 m/s and a strong shot-on-goal has a speed of about 30 m/s. For each speed, measurements were 
performed 12 times for each ball for a total of 60 measurements. 
The amount of time from the contact between the force plate and the ball to the separation of the force plate and 
ball was analysed. We calculated the impulse from the impulsive force data obtained from the force plate and the 
amount of contact time between the force plate and the ball. The impulse was calculated by using the following 
expression.  
If f(x) is integrated over [a, b] and we assign the value thereof to S, then: 
³ 
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S may be approximated as the sum of the area of trapezoids. The area T, which approximates the integral over 
[a, b] by using N equal trapezoids, is calculated by the following expression:  
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2.5. Statistical analysis 
To verify the differences between the average maximum impulsive force and the average impulse for each ball 
involved, Tukey-test were performed with the level of significance set to less than 5%. 
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2.6. Analysis of internal ball structure 
Each ball had a three-layer structure: a surface layer, an inner middle layer made up of woven cloth, and an 
innermost layer made of rubber. The surface layer, which involved the use of artificial leather, had the 
characteristics of low water absorbency and low hygroscopicity. The middle layer was a composite material of 
cloth and rubber, which provided the ball with strength. The innermost rubber tube determined the internal pressure 
of the ball. In this experiment, we cut the surface of the ball and analysed the internal structure, in the cases of 
Cafusa and Jabulani. 
3. Results and Discussion 
3.1. Comparison of waveforms 
Fig. 6 displays graphs of the waveform for the force applied to the force plate around the time of impact at each 
kicking speed. The waveforms for the different balls were compared by setting the maximum value to occur at 0.02 
s. Each ball displayed a trend in which the impulsive force increased as the kicking speed increased. In addition, as 
the speed increased, gaps appeared in the plot positions for each ball. We consider this to be the result of the ball 
shape having a greater effect on the force from the force plate acting upon the ball as the speed increases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Force curve at speeds of (a) 15, (b) 20, (c) 25, and (d) 30 m/s. 
3.2. Comparison of maximum impact forces 
The maximum impulsive force for each ball at different speeds is shown in Fig. 7. When the speed was 15 m/s, 
the maximum impulsive force for Jabulani was 1027.09 N, which was significantly greater than those for Cafusa, 
TeamGeist2, and Pelias (p < 0.05). In addition, the maximum impulsive force for Cafusa was 985.06 N, which was 
significantly smaller than those of all the other balls (p < 0.05). At 20 m/s, the maximum impulsive force for 
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Cafusa was 1670.27 N, which was significantly smaller than those of all the other balls (p < 0.05). At 25 m/s, 
Cafusa also had the smallest maximum impulsive force, i.e. 1797.11 N (p < 0.05). At 30 m/s, the maximum 
impulsive force was 2162.82 N for Jabulani, which was significantly greater than those for Cafusa, TeamGeist2, 
and Pelias (p < 0.05). In addition, the maximum impulsive force for Cafusa was smallest at 2041.17 N (p < 0.05).  
The maximum impulsive force for Cafusa may be smaller than those for all the other balls at every speed 
because the surface material of Cafusa is more flexible than those of the other balls and because it absorbs more 
impulsive force. 
  
 
 
 
Fig. 7. Maximum force of impact at speeds of (a) 15, (b) 20, (c) 25, and (d) 30 m/s. 
3.3. Comparison of impulse values 
A comparison of the impulse of each ball at different speeds is shown in Fig. 8. When the speed was 15 m/s, 
there was no significant difference between these balls (p < 0.05). When the speed was 20 m/s, the impulse for 
Jabulani was 10.97 N*s, which was slightly but not significantly greater than that for Cafusa at 10.69 N*s (p < 
0.05). At 25 m/s, the impulse for Jabulani was 12.11 N*s, which was significantly greater than the impulses of 
Cafusa at 11.84 N*s, TeamGeist2 at 11.87 N*s, and Pelias at 11.89 N*s (p < 0.05). At 30 m/s, there was no 
significant difference between these balls (p < 0.05). 
Jabulani had the highest impulse at all speeds. This may result from the characteristics of the surface materials 
and the structure of Jabulani. 
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Fig. 8. Impulse force at speeds of (a) 15, (b) 20, (c) 25, and (d) 30 m/s. 
3.4. Internal ball structure 
In the case of Cafusa, strips of cloth are attached to fabricate the woven portion of the middle layer. However, 
this portion in Jabulani is fabricated by using machine stitching, i.e. new carcass construction. The machine 
stitching of Jabulani has the characteristic of being stiffer than the cotton adhesion used for the middle-layer 
structure of Cafusa. This characteristic may be one reason why a large impulse occurs when a large impulsive 
force is applied to Jabulani. 
4. Conclusion 
In this study, a kick-robot equipped with a dynamometer (a force plate) was used to compare changes in the 
impact characteristics of soccer balls from the viewpoint of differences in ball shape. The results are summarised 
below. 
1) The maximum impulsive force for Cafusa was less than that of the other balls. This result may be affected 
by the flexibility of the surface material and the inner reinforcing layer (middle layer). 
2) The impulse for Jabulani was greater than that of the other balls at all velocities. This is presumably due to 
the characteristics of the surface material and the structure of Jabulani. 
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